Pituitary adenomas are a common manifestation of multiple endocrine neoplasia type 1 (MEN1) but most of them occur sporadically. There are only a few well defined genetic abnormalities known to occur in these sporadic tumours. The MEN1 gene located on 11q13 has recently been cloned and allelic deletion and mutation analysis studies have implicated the MEN1 gene in a significant fraction of the sporadic counterparts of typical MEN1 neoplasms (parathyroid tumours, insulinomas and gastrinomas).
Introduction
Pituitary adenomas are a common manifestation of multiple endocrine neoplasia type 1 (MEN1) but most of them occur sporadically. To date, only a few genetic abnormalities have been described in these sporadic tumours.
For example, a mutation in the GSP gene occurs in about 1/3 of somatotrophic adenomas, but is rarely found in other pituitary tumour types (1) . Other candidate oncogenes and tumour suppressor genes may play a role in the formation of pituitary tumours, but to date the pathogenesis of most tumours remains unexplained (for a review, see (2) ).
The MEN1 gene located on chromosome 11q13 has recently been cloned (3, 4) , and allelic deletion and mutation analysis studies have implicated the MEN1 gene in a significant fraction of the sporadic counterparts of typical MEN1 neoplasms (parathyroid tumours, carcinoid tumours of the lung, gastrinomas and insulinomas) (5-7). To investigate whether MEN1 gene inactivation is involved in the development of sporadic pituitary adenomas, loss of heterozygosity (LOH) for 11q13 and MEN1 gene mutations was assessed in 35 sporadic tumours of the anterior pituitary.
Materials and methods

Tissue collection and DNA preparation
Thirty-five cryopreserved anterior pituitary tumours from the files of the Department of Endocrinology were included in this study. A MEN1 syndrome was excluded by familial anamnesis and by measurements in each patient of parathyroid hormone, Ca ++ , phosphate, gastrin, pancreatic polypeptide and adrenal hormones serum levels.
The sample comprised 9 prolactin (PRL)-secreting adenomas, 8 growth hormone (GH)-secreting adenomas, 3 thyrotrophin (TSH)-secreting adenomas, 2 TSH/ GH-secreting adenomas, 9 silent adenomas and 4 ACTH-secreting adenomas.
Tissue was frozen in liquid nitrogen immediately after surgical excision and stored at ¹70 ЊC. Genomic DNA was extracted by standard methods. (Table 1) were designed so that each exon and at least 40 bases of its flanking sequences were contained in the amplified fragment. The PCR products were controlled by electrophoresis in 1% agarose, purified using the QIAquick PCR purification kit (Qiagen GmbH, Hilden, Germany) and sequenced using Dye Terminator Cycle Sequencing chemistry with AmpliTaq DNA Polymerase FS (ABI PRISM Dye Terminator Cycle Sequencing kit, PerkinElmer, Foster City, CA, USA) and one of the primers described above. The sequencing reaction mixture was subjected to 25 repeated rounds of denaturation for 30 s at 96 ЊC, annealing for 15 s at 50 ЊC, and synthesis steps for 4 min at 60 ЊC. The extension products were purified by ethanol precipitation. The pellets were briefly dried and resuspended in 4 ml 5 mmol/l EDTA (pH 8.0), 80% formamide. The samples were heated at 95 ЊC for two min, loaded on 6% polyacrylamide denaturing gels and electrophoresed for 7 h at 1600 V in a ABI PRISM 377 DNA Sequencer (Perkin-Elmer). Both strands of the PCR products were sequenced in each case. Sequence comparisons were performed by use of the Sequence Navigator software (Perkin-Elmer).
LOH testing with MEN1 flanking markers
Samples were screened for LOH with the microsatellite polymorphic markers D11S449, D11S1883, and D11S1889 flanking the MEN1 gene (8) . The target DNA sequences were amplified by PCR in a volume of 50 ml containing 10 mmol/l Tris-HCl (pH 8.3), 50 mmol/l KCl, 1.5 mmol/l MgCl 2 , 200 mmol/l dNTPs, 2 mmol/l fluorescent-dUTP (TAMRA-, R110-, or R6G-dUTP, Perkin-Elmer), 1 mmol/l of each of the primers, 2.5 units Taq polymerase (Perkin-Elmer Cetus) and 200 ng genomic DNA. Samples were heated at 94 ЊC for 3 min. Thirty-five PCR cycles (1 min at 94 ЊC, 1 min at the relevant annealing temperature and 2 min at 72 ЊC) were then performed. The DNA synthesis step of the final cycle at 72 ЊC was extended to 7 min. The products were purified by centrifugation on a MicroCon-30 spin column (Amicon Inc., Beverly, MA, USA) and were analysed on 6% polyacrylamide denaturing gels in an ABI PRISM 377 DNA Sequencer (Perkin-Elmer). Purified PCR product (0.5-1.5 ml) was combined with 2.5 ml formamide and 0.5 ml of a fluorescent size marker (ROX 500, Perkin-Elmer). After denaturation at 90 ЊC, 2 ml of the mixture were loaded on the gel and electrophoresed for 2.5 h at 3000 V. The fluorescent gel data collected during the run were automatically analysed by the Genescan analysis program (Perkin-Elmer) at the end of the run. Each fluorescent peak was quantitated in terms of size (in base pairs), peak height and peak area. For each exon, the primer at the 5 0 end is reported on the first line, and that at the 3 0 end on the second line.
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Results
Mutation screening in pituitary tumours
The MEN1 transcripted sequence was screened for mutations by automatic sequence analysis in 35 sporadic anterior pituitary tumours including 26 hormonesecreting and 9 non-secreting tumours (Table 2) . No mutations were found in any tumour except in one prolactinoma which was homozygous or hemizygous for a mutation (1-117 C→T) in a region close to the transcription start site.
Polymorphisms of the MEN1 gene and intragenic screening for LOH
Six relatively common polymorphisms were identified and their frequencies were evaluated in 120 normal chromosomes. These were T-A at nucleotide 76 of exon 1 (45% T, 55% A), C-G in intron 116 nucleotides upstream of exon 2 (80% C, 20% G), S145S (AGC/AGT) (6%), R171Q (CGG/CAG) (3.7%), D418D (GAC/GAT) (42%), A541T (GCA/ACA) (2.5%). The first two of these polymorphisms (76: T-A and 88-16: C-G) were not described previously. They are highly informative and were therefore used as intragenic markers for LOH screening. Most of the tumors (25/35) were heterozygous for at least one of these intragenic polymorphisms.
LOH analysis with flanking markers
The 10 tumours which were uninformative for the MEN1 intragenic polymorphisms were screened for LOH using the flanking markers D11S1889, D11S449, and D11S1883. Six of the tumours were heterozygous for at least one marker. 
Discussion
The pathogenesis of pituitary tumours remains unexplained in most cases. The MEN1 gene has been cloned recently. As pituitary tumours are classically associated with MEN1, we tested the presence of MEN1 gene mutations in sporadic tumours. We studied 35 secreting and non-secreting sporadic adenomas. Among them 31 were found to be heterozygous for at least one MEN1 intragenic polymorphism (25 cases) or for a flanking gene polymorphism (6 cases). In only 4 cases there remained a possibility for homo-or hemizygosity. In one case only we identified a possible point mutation in the promoter region. As the patient originated in South America, we cannot exclude a polymorphism. Unfortunately, peripheral blood was not available to discriminate between these two possibilities.
Our results are consistent with previous reports that suggested that MEN1 gene mutation is a rare event in pituitary adenomas. Indeed, Zhuang et al. using single strand conformational polymorphism analysis found only 2 missense mutations among 4 pituitary adenomas with LOH for MEN1 in a sample of 39 sporadic tumours (9). Prezant et al. using dideoxy fingerprinting analysis (which is more sensitive) studied 45 sporadic tumours but failed to reveal any mutations in the coding sequence of MEN1 (10) . Recently, in a sample of 31 sporadic tumours, Tanaka et al. detected only 1 nonsense mutation in a GH/PRL adenoma with LOH in 11q13 (11) .
These results are disturbing taking into account that Boggild et al. found LOH on chromosome 11 in as many as about 20% of 88 sporadic adenomas (12) . This discrepancy could have been explained by mutation(s) affecting the transcription level of the MEN1 gene. Therefore, we decided to sequence exon 1 and promoter but this experiment failed to reveal any mutation. While this work was in progress Prezant et al. also addressed this question by studying MEN1 mRNA expression which was found to be normal (10), and Asa et al. demonstrated by competitive reverse transcription-PCR that there was a lack of menin down-regulation in the majority of tumours with LOH at 11q13 (13) .
To summarise, only 1 nonsense and 2 missense mutations (with unknown functional effects) were found in a total of 150 sporadic pituitary adenomas screened (including our series). Therefore, contrary to the other sporadic counterparts of typical MEN1 neoplasms, MEN1 gene mutation does not appear to be a common event explaining the formation of pituitary tumours. The discrepancy between LOH and mutation remains to be explained.
